As the employment of robots for long-term evaluations in home settings are just starting to be robust enough for research purposes, our study aims at contributing to humanrobot interaction research by adding longitudinal findings to a limited number of long-term social robotics home studies. We placed 70 commercially available robots within people's homes for a period up to six months. In this paper, we report on the collected questionnaire data from 102 people living in these houses. The participants evaluated the robot and their user experiences at six points in time. We observed a mere-exposure effect which causes people to evaluate a novel stimuli more positively when they gain experience and get familiar with it.. 12 The participants evaluated several aspects of the robot. We found user experience initially dropped before rising again when the robot was used over a longer period of time.
INTRODUCTION
Social robotics research is increasingly paying attention to the domestic environment as a context of use. However, this area of research is still in its infancy as only recently robotics technology has become robust enough to allow for the employment of long-term evaluations in home settings. Moreover, an extra challenge for research in these settings lies within privacy issues and a consequent lack of control over users' activities with the robot. Nevertheless, domestic use of robots is already a reality with the arrival of commercial products such as robotic vacuum cleaners and robotic toys.
Although there are many human-robot interaction studies researching people's initial reactions and attitudes towards robots, the temporal dimension of the acceptance process is underexposed. Even today, little is known about the long-term acceptance and use of robots in domestic environments. Yet, people's perceptions on social robot acceptance are likely to change over time when they develop experiences with the robot or their own skills change [34] . Long-term interaction with social robots can be considered as a sub-area of HRI research that investigates the development of interaction patterns between users and social robots over time [21] . It is scientifically acknowledged that long-term effects exist in technology usage and that sustained usages patterns change over time [30] . Despite this recognition, knowledge about these long-term effects in the field of social robotics is still scarce. Up until now, only a few studies investigated the domestic use of robots over a longer period of time [5, 7, 9, 10, 30, 31] . However, studying long-term use and patterns of use is necessary to provide insight into how social robots become part of people's daily routines and to inform designers how to create robots that remain useful beyond the initial adoption [8] . Moreover, studies within people's natural environments can provide practical insights into the continuous use of and user experiences with these robotic products. Longitudinal studies are extremely fertile to explore changes in use behavior and user experience over time.
Even the traditional technology acceptance literature is lacking a profound body of long-term research despite its long history within the information systems literature [32] that continues to receive much attention today. While earlier technology acceptance research mainly focus on explaining why people initially adopt technologies, only a minority of these studies pays attention to what happens in the post-adoption situation. This is where people decide between continuing and discontinuing the use of these technology. Support for differences between pre-adoption and post-adoption beliefs has been provided by the cognitive dissonance theory [6] , which claims that the use of a product may change one's perceptions, attitudes, and needs with respect to the use of that product. Consequently, beliefs after using a product may not be the same as the set of beliefs that have led to the initial adoption. Only when people are willing to continue to use a technology after initial adoption, one could assume that the acceptance is a success. It is very likely that these patterns of changing beliefs also happen when using social robots in the home.
The contribution of this paper is to add longitudinal findings to a limited number of long-term studies in human-robot interaction research. The goal is to provide in-depth insight into the changing evaluations of a domestic social robot that is utilized into people's own homes for a longer period of time. By studying social robot acceptance over time, a better understanding of the formation of the users' perceptions towards the robot can be gathered, which, in turn, can help to better shape the design and implementation of social robots.
LONG-TERM ACCEPTANCE
An alternative to the commonly used adoption models in technology acceptance literature is offered by the domestication theory [29] and the diffusion of innovations theory [28] . Domestication theory is essentially about giving technology a place in everyday life. Here, acceptance is not assumed as a rational, linear, mono-causal and technologically determined process. The domestication theory acknowledges the complexity of everyday life and the place of technology within its dynamics, rituals, rules, routines and patterns. This initially enables researchers to understand technology use in the complex structures of everyday life settings, with attention to interpersonal relationships, social background, changes and continuities. Moreover, it takes into account the increasingly complex interconnection between different technologies, and the Figure 1 . Timeline of the acceptance phases convergence of different media technologies and media texts [15] . The diffusion of innovations theory also comprises a process of long-term acceptance. It describes acceptance as the sequence of activities an individual passes from gaining initial knowledge of a technology, to forming an attitude towards that technology, making the initial adoption decision which could lead to the implementation of that technology and, eventually to continuing the use of that technology. While the diffusion of innovations theory is useful as it explains how technologies are appropriated, the value of the domestication theory lies in proving insights into how the user assigns meaning and significance to the technology and how users experience this during the acquisition and usage of the technology. Based predominantly on these two theories of long-term acceptance, together with some other studies on long-term technology use, we formulated five acceptance phases (see figure 1 ): preadoption, adoption, adaptation, incorporation and identification. In the following, we will describe these acceptance phases in more detail.
Pre-adoption. In the pre-adoption phase, people learn about the technology, determine its value and form expectations and attitudes towards it before they invite the technology into their homes [30, 31] . People want to know more about the technology as they want to learn about the technology's purpose, try to understand the functionality of the technology, and finally pursue to rationalize its internal processes. After this rationalization process comes affection and people will form their interpersonal attitude towards the technology [28] . This is where people become psychologically involved and actively try to gain knowledge about the technology and judge this knowledge accordingly. However, people who are typically unsure are more likely to seek reinforcement in the opinions of others [28] . This may indicate that people who are hesitant to use robots are more sensitive to social influence. Another study exploring the long-term use of mobile phones defines the preadoption as the phase in which people anticipate future experiences by forming expectations [17] . The pre-adoption phase is thus all about the anticipation and preparation of obtaining a technology.
Adoption. The adoption phase contains the decision that leads to the adoption (or rejection) of a technology. This is where people actually start using the technology and gain their first serious user experiences with it [30, 31] . This is after some possible initial trials, and most people prefer these trials [28] . However, uncertainly still exists about the expected consequences. People still want to learn about the technology and get familiar with it [17] . The adoption phase is thus about the exploration of the newly obtained technology.
Adaptation. The adaptation phase starts directly after the initial adoption decision has been made. People are still obtaining their initial user experiences, but already have a broad and vague idea of what the technology is all about. People are still pervaded by feelings of excitement as well as frustration, because they experience novel features and encounter learnability flaws [17] . People try to familiarize themselves with the technology, identify any issues or concerns and sometimes show the technology to others [4] . They will explore the technology's complexities and compatibilities in their personal spaces and make necessary changes to enable the technology to be incorporated into their daily routines [28, 30, 31] . As people continue to be curious about and aware of the presence of the technology [4] and try to appropriate to the technology [29] , they will finally come to determine reaffirmation of their initial adoption or rejection of further use [29, 30, 31] . In the adaptation phase, people will explore the purpose of the technology in their natural environment and try to adapt the technology to their daily routines.
Incorporation. In the incorporation phase people start to experience a functional dependency on the technology [17] , creating routines of use [29, 30, 31] and fully integrating the technology in their daily lives [4] . During the process of incorporation the technology is completely changed or modified by the user [28] and the technology becomes meaningful in people's daily lives [17] . They no longer notice the presence of the technology in their homes as long as it no longer has their primary attention [4] . When the technology allows its users to personalize it, this shapes the possibilities for long-term use, which increases acceptance [1] . However, it could be that the technology is used differently from the way it was intended by designers [29] . In the incorporation phase people have entirely incorporated the technology into daily routines.
Identification. In the identification phase, the technology exceeds its functional purpose and becomes a personal object as people get emotionally attached to it. They accept the technology in their daily lives and it participates in their social interactions. The technology might even communicate parts of their selfidentity that serve to either differentiate them from others or connects them to other by creating a sense of community [17] . In this phase, the technology can become a tool for making status claims or for expressing a specific lifestyle to family, friends and neighbors [29] . The personal side of identification, e.g. personalizing the technology and creating daily routines of use, increases over time. The social side of identification, e.g. enabling self-expression and creating a sense of community, initially decreases but also shows a gradual and sustained increase [17] . People, again, seek reinforcement for the initial adoption, and may even reverse this decision if exposed to conflicting messages about the technology [28] . Thus, even in this phase people can decide to discontinue the use of the technology. However, as people try to avoid or at least reduce a stage of dissonance, they will either change their conflicting knowledge, attitudes or behaviors. Dissonance is the uncomfortable feeling an individual experiences when incongruence occurs between attitude and behavior [6] . This uncomfortable feeling can be resolved by either altering personal beliefs (e.g. attitude towards the technology) or performed behavior (e.g. use of the technology). This means that, when users obtain information that argues to discontinue the use of the robot, they will either advocate reasons why they would continue to use the robot or they will stop using the robot. During this phase, users want supportive information that prevents the occurrence of dissonance. The identification phase is about the final decisions about the sustained use of a technology.
RELATED WORK
A few studies have been performed on long-term use of robots in home environments. Most of these studies employ commercially available robots. For example, Sung et al. [30, 31] and Fink et al. [7] evaluated how people used and accepted the Roomba vacuum cleaner in their homes, with thirty and eleven participating households respectively. During their visits at five times during a 6-month ethnographic study, several methods besides questionnaire and interview data were used, such as drawings, probing techniques and checklists of activities with the Roomba. Sung et al. [30] argue that two month will be enough to study stable technology use after the novelty effect has faded away. And both references [7, 30, 31] argue that a combination of multiple types of data is preferred to capture people's routines of use and acceptance of the robot. A framework of long-term domestic use was drawn by Sung et al. [31] and confirmed by Fink et al. [7] containing the key interaction patterns when households accept robots: pre-adoption, adoption, adaptation, and use and retention (similar to the incorporation phase in section 2). On several evaluation measures, participants rated the vacuum cleaner robot more negatively after the introduction [7] , but those people who still used the robot after six months were more positive than those who stopped earlier.
Fernaeus et al. [5] reported on a study evaluating the Pleo dinosaur robot with six families with children for two to six months (each family was allowed to stop using the robot at their own terms). The researchers used interviews and video-material recorded by the families, and focused on whether the evaluation of the robot would be affected by prior expectations. Results show that high prior expectations were not met, which caused some participants to stop using the robot when the novelty-effect wear off. Even though the participant initially regarded the robot as a real pet (e.g. petting it, giving it a name and displaying emotions towards it), the disappointing interaction capability of the robot resulted in it being treating as a regular toy. The researchers provided a set of design challenges which are relevant for robotic toys but also for long-term technology use in general.
Another study employed the bunny-shaped Nabaztag robot, the predecessor of Karotz, and video-taped the interaction between elderly users and the robot in three consecutive iterations of each 10 days [26] . The robot initiated several dialogs per day with the goal to stimulate physical activity. The researchers analyzed the verbal and nonverbal behavior of the users. Results show that people only show facial expression under certain circumstances, such as the system working properly without any delays or interruptions. However, they observed many differences in behavior between the six participants. Two participants treated the robot as a companion, gave it a name and missed it when it was gone. But other two participants treated the robot as a tool, had very precise prior expectations which resulted from their backgrounds and experiences with health-related systems. The other two participants had varying opinions of the robot. Overall, the researchers conclude that users are willing to interact and even converse with a robot despite its perceptive and expressive limitations.
The bunny-shaped Karotz robot was used to compare weather information provided by this robot and a tablet display [24] . In total, 32 participants used and evaluated the tablet in week one, the robot in week two, the tablet again in week three, and the robot again in week four. Results show that people liked and used the robot more than the tablet, but their capabilities of using both systems increased over time. Moreover, although not significantly different, the participants had higher preferences for the personalized information provided by the robot rather than the tablet.
The existing studies described above each provide interesting findings on long-term human-robot interaction. However, two of these studies [24, 26] did not last long enough to measure sustained use after the novelty effect as indicated by Sung et al. [30] . Fernaeus et al. [5] employed the Pleo robot, which is rather toy-like and does not have a utilitarian purpose. Other studies did not focus on individual user acceptance, but took a more sociological perspective by looking into the general opinion of the household [5, 7, 30, 31] . Moreover, none of these studies included enough participants to allow for the identification of meaningful statistically significant trends in the data.
METHOD
The aim of the study was to further investigate in a qualitative and explorative way how people's experiences and perceptions of a domestic social robot evolved over time and to study their impact on domestic technology use. In addressing this goal, we employed a commercially available domestic robot with social features. Studying an existing commercial robot has been successfully applied to investigate people's desires and expectations of human-robot interaction and was argued to be favored over robotic research prototypes which are often not suitable for long-term studies in naturalistic environments [5] . Therefore, the choice for an existing commercially available domestic robot seemed appropriate for our research goal.
Figure 2. Karotz robot positioned in the homes
Robot. The robot used in this study is Karotz (see figure 2) , which is a 30-cm high internet-enabled activated smart bunnyshaped ambient electronic device. Communication occurs via verbal communication, the LED-light in its belly, the moveable ears, and by detecting the presence of other objects nearby. As it is permanently connected to the internet, it is able to react on, transmit, broadcast all types of content available on his network, for example news, messages, music, texts, alerts, and radio. The build-in webcam enables users to communicate with family member at home or to keep an eye on their homes when away. More information on the robot can be found at http://store.karotz.com/en_WW/. We employed 70 Karotz robots into people's homes. Each robot was installed with a basic set of applications, such as daily news broadcasts, daily local weather reports, favorite radio stations, personalized reminders, and randomly spoken phrases to make the robot being perceived as more autonomous and animate. This basic set of applications ensured us that the user experience was somewhat similar among the participants, or at least initially as some participants chose to adjust these applications to their own needs. Besides the required applications, participants were free to install additional applications as they thought would be useful or fun for their households. Almost all participants positioned the robot somewhere in their living room. According to the classification of social robots by Breazeal [2] , Karotz would be a social interface robot that provides a 'natural' interface by employing humanlike social cues and communicate modalities, whereas the social behaviour only occurs at the interface level resulting in shallow models of social cognition.
Participants. We recruited participants using various methods, such as word of mouth, advertising in public locations (e.g. libraries, leisure centers and supermarkets), and snowball sampling by asking assigned participants for referrals to other people who might participate. During recruitment, we tried to balance out the households' demographic profiles to seek diversity. Therefore we divided participants into four different types of homes: singles, couples, young families (children aged younger than 12) and mature families (children aged older than 12). The goal was to equalize the participants within each household type. In the end, 28 participants were single, 26 participants lived with a spouse, 23 participants were part of a young family, 15 participants were part of a mature family, and for 10 participants did not provide their household type. Furthermore, to increase homogeneity, most participants lived in the region of our university. In total, 70 robots were employed in people's own homes, which resulted in 160 participants. Of these participants, 102 were able or willing to complete the questionnaires. There were 48 males and 54 females, and their age ranged from 8 to 77 (M= 37.74, SD= 16.87). Not all participants finished the complete study, as some stopped using the robot before the end of the project. We divided these participants in three groups: rejecters who stopped using the robot within the adaptation phase (26 participants); adopters who stopped using the robot in the incorporation phase (21 participants); and users who were still using the robot in the identification phase and intended to continue to use the robot even after the study (55 participants).
Instruments. We applied both qualitative and quantitative methods to collect data. Quantitative data was collected through the questionnaires evaluating the robot and the participants' user experiences with it and continued doing this as long as they were still using the robot. The questionnaire consisted of several factors of social robots acceptance divided in attitudinal beliefs, social normative beliefs and control beliefs as described in our previous publication on social robots acceptance which introduced seventeen of these factors [11] . Since we aimed at multiple evaluations, we used the five highest loading items per scale based on our previous data. Moreover, in this study, we added the scales of media influence, trust and cost. As most people do not have direct experiences with real robots and are likely to first think of robots as movie creatures, we adapted the social influence scale [16] to measure the influence of media on people's perceptions on robots. Trust is an important factor influencing the acceptance and use of social robots [13] , because autonomous systems take over control of some of the technological processes by actively selecting data, transforming information and making their own decisions [27] . We used McCroskey & Teven [23] trustworthiness scale to measure the participants trust in the robot. Last, we included cost as it is found to be an influential factor in the technology adoption for private use [3] . The scale from Brown and Venkatesh [3] was adapted to measure the participants' perception of cost. In addition to these twenty explanatory variables, we also measured the outcome variables of use attitude from Heerink et al. [14] , use intention from Moon & Kim [25] , actual use with the selfreported usage behavior measure from Venkatesh & Davis [34] and habit from LaRose & Eastin [19] . In addition to quantitative data, qualitative data was collected from 21 participants living in different households by means of interviews as long as they were using the robot. In total, 97 interviews, each lasting 30-45 minutes were collected, audio-recorded with the participants' permission, and transcribed verbatim. For each interview, the participants were interviewed alone, regardless of whether the person lived alone or not. This approach was chosen, because the fundamentals of the theories used in this study lie within psychology rather than sociology, which means that the focus is on the individual and their experiences with the technology within their household.
Procedure. Our study ran from October 2012 to April 2013 and consisted of six phases in which data was collected. Figure 2 displays the acceptance phases on a timeline. At the beginning of each acceptance phase, we collected both interview and questionnaire data. In the pre-adoption phase, the data was used to explore the participants' prior expectations. The first interview was used to get to know the participants and their households, their daily routines and domestic technology use. At the introduction, after installation and a first interaction with robot for about 15 minutes, the data was used to catch the participants' initial impressions their initial reactions. The data obtained in the remaining acceptance phases was used to investigate how the participants evaluated the robot over time, how it was deployed and how their use patterns changed. From now on, each questionnaire started with the question if the robot was stilled used and why (not).
RESULTS
In this paper, we will only report on the quantitative data collected through the questionnaires in this study. First, we would like to report on the change in use frequency and duration over time (see table 1 ). Whereas the frequency of use varies widely in the beginning, in the end most participants never use the robot or at best less than once a week. Most participants use the robot brief moments, mostly even shorter than 5 minutes per occurrence. However, a somewhat stable group of heavy users remains over time. .2) 26.902 .000 T1= pre-adoption, T2= introduction, T3= adoption, T4= adaptation, T5= incorporation, T6= identification Table 2 . Long-term evaluation of acceptance variables in the different acceptance phases
Usage
We used repeated measures ANOVA with time (6 acceptance phases) as a within subjects factor and gender (male vs. female), household type (single vs. couple vs. young family vs. mature family), and user group (rejecters vs. adopters vs. users) as the between subjects factor. Repeated measures ANOVA with more than three time points carries some concerns about the sphericity assumption, which is the assumption of equal variances across groups in between subjects ANOVA. In our data, for most analyses, Mauchly's chi-square test for violations of the sphericity assumption was significant, which indicates non-equal variances. To increase statistical power, the F-scores from the Greenhouse-Geisser tests are reported here for all repeated measures ANOVA tests. Moreover, some participants dropped out before the end of the study and therefore did not complete all the questionnaires. Missing values due to this drop-out were replaced with the mean score of that acceptance phase for this analysis, otherwise we would only provide insight to those evaluations obtained from participants who continued to use the robot until the very end of the study. Table 2 presents the results of these analyses. The evaluation of all acceptance variables, besides media influence, significantly changed over time. Overall, prior to the introduction of the robot, most of these evaluations were the most positive ones within the whole project. This means that the participants had higher expectations of the robot which were not met after the participants made their first impressions of the robot. This was especially the case for rejecters. Rejecters had even higher expectations than any other user group. A Bonferroni post-hoc test showed significant main effects for user group on usefulness (F(1,2)= 6.675, p= .002), adaptability (F(1,2)= 4.885, p= .009), enjoyment (F(1,2)= 4.615, p= .012), companionship (F(1,2)= 4.119, p= .019), social influence (F(1,2)= 4.123, p= .019), use attitude (F(1,2)= 5.517, p= .005), use intention (F(1,2)= 8.607, p < .001), actual use (F(1,2)= 10.652, p < .001), and habit (F(1,2)= 13.282, p < .001). Compared to rejecters and adopters, users evaluated the robot more positively, experiences less social influence, had higher intentions to use the robot, actually used the robot more frequently and had a stronger habitual use of the robot. Additionally, another Bonferroni post-hoc test showed significant main effects of household type on usefulness (F (1,4) In addition to the long-term evaluations of the acceptance variables, we also investigated the explanatory power of these acceptance variables within each acceptance phase on the outcome variables of use attitude, use intention, actual use and habit using stepwise multiple regression analysis. Within the preadoption phase, usefulness, enjoyment, social influence and negative attitude towards robots explained for 61% the participants' use attitudes (F(4,96)= 39.896, p < .001). And usefulness, enjoyment, anthropomorphism, realism and use attitude explained for 69% the participants' use intention (F(5,95)= 46.354, p < .001). Figure 3 visualizes these results.
At the introduction, both usefulness and social influence explained for 73% the participants' use attitudes (F(2,100)= 135.252, p < .001). And together usefulness, adaptability, social influence and use attitude explained for 77% the participants' use intention (F(4,96)= 79.273, p < .001). Figure 4 visualizes these results.
Within the adoption phase, together usefulness, adaptability, media influence and perceived behavioural control explained 75% of the variance of use attitude (F(4,96)= 75.333, p < .001). Use intention was for 83% explained by usefulness, social influence and use attitude (F(4,96)= 162.450, p < .001). Actual use was for 73% explained by ease of use, media influence, trust, perceived behavioral control and habit (F(5,93)= 54.157, p < .001). And, together, enjoyment, media influence, image, trust, perceived behavioral control, personal innovativeness and actual use explained 75% of the variance of habitual use (F(7,91)= 41.864, p < .001). Figure 5 visualizes these results.
Within the adaptation phase, together usefulness, ease of use, adaptability, enjoyment, sociability and image explained 81% of the variance of use attitude (F(6,90)= 70.145, p < .001). Use intention was for 85% explained by usefulness, adaptability, enjoyment, realism, companionship and use attitude (F(6,90)= 90.249, p < .001). Actual use was for 37% explained by usefulness, social influence, robot related experiences, use attitude and habitual use (F(5,93)= 40.138, p < .001). And, together, enjoyment, trust and actual use explained 64% of the variance of habitual use (F(3,95)= 41.864, p < .001). Figure 6 visualizes these results.
Within the incorporation phase, together usefulness, social influence, image and anxiety towards robots explained 87% of the variance of use attitude (F(4,92)= 112.071, p < .001). Use intention was for 90% explained by usefulness, media influence, image, robot related experiences and use attitude (F(5,91)= 133.690, p < .001). Actual use was for 79% explained by usefulness, anthropomorphism, perceived behavioral control, personal innovativeness and habit (F(5,93)= 58.104, p < .001). And, together, usefulness, social influence and anxiety towards robots explained 46% of the variance of habitual use (F(3,95)= 22.059, p < .001). Figure 7 visualizes these results.
Within the identification phase, usefulness and media influence explained 33% of the variance of use attitude (F(2,96)= 14.023, p < .001). Use intention was for 59% explained by adaptability and use attitude (F(2,96)= 39.587, p < .001). Actual use was for 63% explained by usefulness, trust and use intention (F(3,95)= 31.546, p < .001). And, both usefulness and cost explained 44% of the variance of habitual use (F(2,96)= 21.889, p < .001). Figure 8 on the next page visualized these results. 
DISCUSSION
This paper presents a long-term study of social robot acceptance to better understand the users' evaluations of the robot over time, which can help to better shape the design and implementation of social robots.
In the theoretical section, we presented a long-term perspective of long-term technology use in home environments consisting of six acceptance phases. This perspective was based on two prominent theories [28, 29] complemented with research results from robots and other types of interaction technologies. A first glance at our interview results seems to confirm these six acceptance phases, however, this data has not been officially analyzed yet. Nevertheless, as these theoretical acceptance phases were based along the results from both robotics and general interaction technology, we believe that these acceptance phases could be applied to research studying long-term use of robots as well as interaction technology in general.
We observed a mere-exposure effect within our data, which is the tendency for novel stimuli to be liked more or rated more positively after someone has been repeatedly exposed to them. For example, earlier findings [33] suggests that system experience influences individual user's playfulness with the system, and that this increase significantly influences an individual's perception of the complexity of the system. Thus, when users first interact with a computer system, they typically feel intimidated and stressed, as a result their degree of playfulness is low. As they obtain some level of familiarity with the system, they are more apt to explore the system and interact spontaneously with it. This is similar to the finding that playfulness mediates the effect of system experience on perceived ease of use [12] . The effect that when people gain experience with a system, they will feel more joy when using that robot and find it more easy to use was also reported in a human-robot interaction study [18] and has been found within our study as well. This result can be explained by a novelty effect in the beginning which fades away after some time, but enjoyment increases again when people see the robot as a familiar interactant. Moreover, familiarizing oneself with a robot causes people to experience more meaningful social interactions with that robot, as earlier findings suggest [18] . A similar pattern is observed within our data. Although initially the evaluation of sociability decreases, at the end this evaluation raises again beyond its initial measures administered before the introduction to the robot.
Rather surprisingly, our findings suggest that people living in mature families evaluated the robot more positively compared to people living alone, with a spouse or with young children. This is in contrast with an earlier short-term study in which participants assigned to the individual interaction condition, compared to participants in the group conditions, developed a stronger sense of responsibility and attachment to the robot might not develop because they did not have to share the robot with other group members [20] . Indeed we had expected that people living alone or people with young children would evaluate the robot more positively. An explanation for our findings could be that teenagers are more willing to experiment with new technologies which resulted in both them and their parents to evaluate the robot more positively.
When looking at all regression analyses, it seems that usefulness is an important acceptance variable for social robot, as it was part of most of the regressions and often the strongest predictor as well. Moreover, the most occurring reason for discontinuance was that the participants could not find an added value for the robot. For example, their smart phone provides similar functionalities and is much easier to carry around. The importance of usefulness was also stressed in an earlier longterm study with the Roomba vacuum cleaner robot [7] and the majority of the households in their study did not perceive the robot as useful.
Limitations. For this study, employing 70 robots in people's own homes over a longer period of time, we had to depend on commercially available robots because research robots are still not robust enough to be studied outside the lab for extended periods of time without supervision of an expert. As commercially available robots still have limited capacities, this might cause a gap between initial expectations and actual experiences after initial interactions with the robot [21] . Our participants also encountered this gap, which has caused some of them to quit using the robot before the end of the study. Similar results were found by Fernaeaus et al. [5] , who also reported that, after initial novelty effect, people stopped using the robot due to having high expectation which the robot did not fulfill. Robotic designers should try to bridge this expectation gap by identifying the most important improvements that should be made [22] . The strength of the influence of the acceptance variables in our regression analysis might provide insight into these important aspects. Moreover, this study only reports on regression analyses between the acceptance variables and the outcome variables separately. However, to evaluate the complex indirect effects and interaction effects between the independent variables simultaneously, these should ideally be tested in a complete model using structural equation modeling. This analytical procedure, however, needs a large sample size, which is often a problem in human-robot interaction research. Currently, we are collecting such a large sample of questionnaire data on people's anticipated acceptance of a social robot within their own homes based on the same variables as reported here. The last limitation is that, for this study, we used a zoomorphic robot. Different results may result from studies conducted using other types of robots. Future research should thus try to replicate our results using other types of robots.
CONCLUSIONS & FUTURE WORK
This study adds longitudinal findings to a limited number of long-term studies in human-robot interaction research and provides in-depth insight into the process of long-term acceptance of social robots. The main conclusion of our study is that, for most acceptance variables, people's evaluation of a robot, after initially dropping, will increase again as they gain experience and get familiar with it.
As this paper only reports on the quantitative data collected during our study, our future work will focus on combing these results with the qualitative data observed during the interviews. Such an approach allows triangulation, which could facilitate the validation of our findings and might help explain why certain effects between the acceptance variables occurred as they did within our data. Moreover, the qualitative data could provide more insight into how the robot was actually used by the participants, e.g. what functionalities were used and with what intentions. This information could, for example, be used to derive design guidelines for future domestic (social) robots. Moreover, the quantitative data allows us to further build our suggested perspective on long-term technology use and the described acceptance phases.
